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Hepatitis C virus is a heterogeneous virus with 6 major genotypes and more 
than 50 subtypes. The present work aims to determine the commonest HCV 
genotypes in chronic patients of Gaza strip, Palestine. This study highlights the 
prognostic potential of determining the HCV genotype for patients as an integral part 
of their diagnostic and therapeutic regimen, and thus may be helpful in tailoring the 
therapy for HCV patients based on their virus genotype. If taken in conjunction with 
other factors important in therapy HCV genotyping will reduce the expenses of 
treatment when the duration of therapy is accordingly optimized, and thus allowing a 
larger number of patients to be considered for the therapy. Genotyping of HCV may 
also be useful for identifying some important origins of transmission and risk factors 
of the virus in Gaza strip.  
The chronic HCV patients participating in the study were interviewed, and a 
questionnaire was completed and serum samples were obtained from each of them. 
The samples were analyzed to justify the presence of HCV RNA by reverse 
transcriptase polymerase chain reaction (RT/PCR), and the PCR products of 92 
positive samples were purified and submitted for sequencing and genotype 
determination. ALT level was determined for each sample.  
The results of this study showed that genotype 1 and 4 and their subtypes 1a, 
1b, 4a and 4c/d are the major common HCV genotypes in Gaza strip. Genotype 4 
and its subtypes are the predominant ones. Genotype 1 and its subtypes collectively 
contributed to 28.3% of the cases, while genotype 4 and its subtypes collectively 
contributed to 64.1% of the cases. Mixed infection with the two genotypes was also 
seen among 7.6% of the cases. Travelling, surgery and blood transfusion in an 
endemic HCV area are the major roots of HCV transmission in Gaza strip although 
other routs exist. The results also show that genotype 1 infections are more serious 
than genotype 4 infections and associated with significantly higher ALT levels in 
patients' blood. The education level, infection date and hemodialysis don’t show any 
significant relation to the HCV genotype and subtypes. The results of this study 
contribute to the identification of sources of outbreaks, risk factors and control 
strategy of HCV. The results will also help tailor treatment schedules as well as to 
monitor response to antiviral treatment. 
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  ملخص
  .في قطاع غزةC تحدید الطراز الجیني اللتھاب الكبد الفیروسي من نوع 
 ستة طرز جینیة  لھتبكثرة التباین ونتیجة لذلك ظھر C یتمیز التھاب الكبد الفیروسي من نوع 
 .رئیسة وأكثر من خمسین فرعیة
في قطاع  C لتھاب الكبد الفیروسي من نوع  إللجینيلدراسة إلى تحدید الطراز اتھدف ھذه ا
 .ركیزة أساسیة في العالج والتشخیصغزة، ومن ثم إلقاء الضوء على أھمیة تحدید ھذا الطراز باعتباره 
 كما انھ یسلط الضوء على مصدر حاالت التفّشي و یساعد في وضع إستراتیجیة للحد من تفشي
ستبانھ معدة خصیصًا لھذا الغرض، تم إدانیة، استخدمت فیھا  وإلنجاز ذلك أجریت دراسة می.الفیروس
 بانتظام نفي قطاع غزة والذین كانوا یترددوتوزیعھا على عینة من المرضى المصابین بھذا الفیروس 
على عیادات الباطنة الخارجیة في مستشفى غزة األوروبي بخانیونس أو مستشفى دار الشفاء بغزة 
 إنزیم مستوى  ولقد تم جمع عینات دم منھم ومن ثم تحدید. المركزیة بغزةباإلضافة إلى عیادة الرمال
)ALT (عینة، كما وُأجري لھا فحصلكل  (PCR) و قد .للتأكد من وجود الحمض النووي للفیروس 
  .قیتھا وإرسالھا لتحدید نوع الطرازتنثنان وتسعین عینة تم إبلغ عدد العینات الموجبة 
 من الطراز الجیني للفیروس من نوع  ان مختلفان رئیسیاناك نوعظھرت نتائج الدراسة أن ھنأ
C1(ز  یندرج تحتھ ممن یسمى بتحت الطرا وما1الطراز األول من نوع :  في قطاع غزة وھماa, 
1b ( وما یندرج تحتھ 4 أما الطراز الثاني فھو من نوع .من أفراد العینة% 28.3وكان یمثل ما نسبتھ 
من أفراد العینة، مما یمكن القول % 64.1وھذا یمثل ما نسبتھ ) (4a, 4c/dممن یسمى بتحت الطراز 
 ھو السائد في قطاع غزة، ھذا باإلضافة إلى وجود خلیط ما بین الطرازین حیث بلغت 4بأن الطراز 
  . من أفراد العینة% 7.6نسبتھ 
لى الخارج كما بینت نتائج الدراسة أن من األسباب الرئیسة لإلصابة بھذا الفیروس السفر إ
وعملیة نقل الدم باإلضافة إلى إجراء ) والسیما عندما یكون السفر إلى مناطق تكثر فیھا اإلصابة(
العملیات الجراحیة كما بینت النتائج أن ھناك عالقة مابین المكان الذي تم التعرض فیھ لھذه األسباب 
 إحصائیة ما بین الطراز  داللةاتإلصابة بأي من ھذه الطرز، كما أظھرت النتائج أن ھناك عالقة ذاو
 في الدم الذي یعتبر من أھم وظائف الكبد الدالة على تحطم الخالیا (ALT) إنزیم الكبد مستوىالجیني و
بالمقابل لم تثبت الدراسة أن . 4كثر خطورة من الطراز ھي أ1أن اإلصابة بالطراز مما یدل على الكبدیة
. عملیات غسیل الكلىأو تاریخ اإلصابة أوتوى التعلیمي ھناك عالقة ذات داللة إحصائیة مابین المس
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Hepatitis C is caused by infection of liver cells with the hepatitis C virus 
(HCV), which leads to severe inflammation of the liver with long term 
complications (1). HCV infections represent a serious medical problem and HCV 
is the major etiologic agent of sporadic and transfusion-associated non-A, non-B 
(NANB) hepatitis worldwide (2, 3). About 20%-30% of the newly infected persons 
show symptoms of acute hepatitis, while chronic infections develop in 70%-80% 
of adult infected persons and in 50%-60% of juveniles (4, 5).  
The story of HCV began after the development of diagnostic tests for 
hepatitis A and hepatitis B viruses in the 1970s, when an additional parenterally 
transmitted agent, responsible for the majority of transfusion-associated NANB 
hepatitis cases was recognized (6). Since that time, radioimmunoassay (RIA), 
and later, enzyme linked immunosorbent assay (ELISA) techniques were 
developed for detection of antibodies produced against the major agent in 
patients with chronic NANB hepatitis. This agent has been given the name HCV 
(7). Since then HCV has become a focus of intensive research for several 
reasons. First, most HCV infections persist, leading to chronic hepatitis in the 
majority of  cases, which can develop into chronic active hepatitis, liver cirrhosis 
and hepatocellular carcinoma (3). Second, HCV is distributed worldwide. 
According to the WHO, the number of people infected with HCV is continuously 
growing and has recently reached over 170 million worldwide (5). Third, the most 
effective HCV treatment is a high dose of pegylated interferon (Peg-IFN) plus 
ribavirin (8). This therapy is associated with a response rate of ~50% among 
patients infected with HCV genotype 1. Moreover the therapeutic regimen is 
expensive and is associated with a number of predictable toxicities, 
demonstrating the urgent need for more effective antiviral therapies (6, 9). 
Worldwide HCV infections have reached epidemic proportions and became 
a major global health issue, with more than one million new cases reported 
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annually. The worldwide prevalence of chronic HCV infection is estimated to be 
3%, varying from 0.5 to 5% in the general population of Western countries and 
USA while higher rates have been reported in some African and Southeast Asian 
countries (10, 11 and 12). Egypt, the closest neighbor to Gaza strip, has possibly 
the highest HCV prevalence in the world, where 10%-20% of the population are 
infected and HCV is the leading cause of hepatocellular carcinoma (HCC) and 
chronic liver disease in the country (13, 14). The high prevalence of HCV among 
Egyptian people may be due to the use of unsterile injection equipments during 
the mass treatment of the Egyptian population with antischistosomal therapy 
(13). Other neighbor countries such as Saudi Arabia, Syria and Jordan have 
HCV prevalence rates of 2.5%, 1% and 1.7% respectively (15, 16 and 17). In 
Israel, the reported prevalence of HCV infection is 0.5% (18). 
According to the Palestinian ministry of health, surveillance of HCV in 
Palestine started in 1994, with an incidence rate of 2 HCV cases and carrier per 
100,000 (19). The HCV incidence in Palestine was 4.2 and 5.8 per 100,000 in the 
years 2002 and 2003 respectively. In Gaza strip alone, 21,219 blood samples 
were screened in 2003 for Anti-HCV antibodies in the blood banks, among which 
67 samples were found positive (prevalence rate of 0.3%). Moreover 19,164 
samples from patients were tested for different reasons and 407 samples were 
found positive (prevalence rate of 4.4%) (19). The latest published HCV 
prevalence among blood donors, in 2004, was 0.2% (20). The calculation was 
done on 50,060 blood donors in Gaza strip and the West bank.  In addition, 
15,070 patients' blood samples were examined for different reasons with an HCV 
prevalence rate of 3.3% (20). 
Studies suggest that over 170 million people around the world are infected 
with hepatitis C and are at risk of developing cirrhosis and liver cancer (5, 21). 
Currently, HCV is one of the main causes of liver-related morbidity and mortality, 
being responsible for an estimated 8,000 to 10,000 deaths annually in the world 
(4). Without large scale efforts to contain the spread of HCV and to treat infected 
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populations, the death rate from hepatitis C will surpass that of AIDS by the turn 
of the century and will only get worse (5). 
After the complete HCV genome was determined, several HCV isolates 
from different parts of the world were obtained and sequenced. Comparison of 
the published sequences of HCV has led to the identification of several distinct 
types that may differ from each other by as much as 30% over the whole viral 
genome. Sequence variability is distributed almost equally throughout the viral 
genome, apart from the highly conserved 5′ UTR and core regions and the 
hypervariable envelope region (22).  
The geographic distribution and diversity of HCV genotypes may provide 
clues about the historical origin of HCV. The presence of numerous subtypes of 
each HCV genotype in some regions of the world, such as Africa and Southeast 
Asia, may suggest that HCV has been endemic in these areas for a long time. 
Conversely, the limited diversity of subtypes observed in the United States and 
Europe could be related to the recent introduction of these viruses from areas of 
endemic infection (3). Evidence from molecular studies suggests that HCV 
subtype 1a and 1b are currently in a phase of epidemic growth that started ~100 
years ago and the patients infected with these subtypes being older than those 
infected with other genotypes (23). A mixture of different genotypes is frequently 
seen in blood transfusion and hemodialysis patients as they are at higher risk of 
being repeatedly exposed to HCV infection (24, 25). HCV genotype has an effect 
on HCV replication in both individuals infected with HCV only and individuals co-
infected with HIV-1 and HCV (26). There is increasing evidence that patients 
infected with different HCV genotypes may have different clinical profiles, 
severity of liver disease, and response to anti-HCV therapy (27). Moreover, HCV 
genotyping may shed light on its evolution, source of outbreaks, and risk factors. 
It has been used to identify the source of infection in cases of patient-to-patient 
transmission and is also useful in the study of other modes such as vertical 
(mother to baby), sexual transmission and needle stick injury (28, 29). Also HCV 
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genotype is essential for successful future research into vaccine development 
and control strategy (29). 
Objectives 
1. Determination of the different HCV genotypes distribution among Gaza 
strip patients who were previously diagnosed as HCV-positive patients by 
anti-HCV antibodies detection and/or RT-PCR. 
2. Evaluation of some risk factors for HCV as potential contributors for HCV 
incidence in Gaza strip by analyzing the data obtained for HCV genotype 
and the patient personal information collected by a questionnaire. 
Significance of this study 
1. This study aims to highlight the prognostic potential of determining the 
HCV genotype for patients as an integral part of their diagnostic and 
therapeutic regimen. 
2. The determination of the commonest HCV genotype in Gaza strip is 
helpful in tailoring the therapy for HCV patients based on their virus 
genotype. 
3. If taken in conjunction with other factors important in therapy HCV 
genotyping will reduce the expenses for HCV patient’s treatment when the 
duration of the therapy is optimized, and thus allowing a larger number of 
patients to be considered for the therapy. 
4. Genotyping of HCV may be useful for identifying some of modes of 
transmission of the virus in Gaza strip. 
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LITERATURE REVIEW 
Genome structure and organization 
The genome of HCV is an enveloped single stranded positive-sense RNA 
virus with 9646 ribonucleotides, (Gene bank accession number: NC_004102, 
Gene bank ID: 22129792) and a poly-A tail at its 3'-end (10). Morphologically, 
HCV particles are spherical particles, measuring 55 to 65 (nm) with fine spike-like 
surface projections (Fig. 1) and its genome is organized in a fashion similar to 
that of the flaviviruses and pestiviruses (30, 31 and 32). It was lately classified in 
its own subgenera, Hepacivirus (21, 33 and 34). The HCV genome starts with a 
highly conserved untranslated region in its 5’-side (5’ UTR: nucleotide 1-341) 
followed by a single open-reading frame (ORF: nucleotides 342-9377) that 
encodes for a polyprotein of about 3011 amino acids (Fig. 2). The ORF length 
characteristically varies according to the HCV genotype (3, 7, and10). In its 3' 
end HCV genome has another untranslated region (3' UTR) of about 27 bases 
which contains an upstream variable region (VR) within which substantial 
sequence diversity is evident between different genotypes of HCV (33). On the 
other hand, the highly conserved 5’ UTR region shows up to 85% nucleotide 
sequence identity among different HCV isolates. Therefore it is used as a 
universal diagnostic locus for RT-PCR detection of HCV genome from all 
isolates. In addition it is used for genotype determination of the isolate based on 
the sequence variation in certain nucleotides of this region among the different 
genotypes. Moreover, the 5’ UTR folds into a complex structure comprising an 
internal ribosome entry site (IRES) that is responsible for cap-independent 
initiation of the viral polyprotein translation (2, 31 and 33 ). 
Post-translational processing of the polyprotein gives rise to three structural 
N-terminals HCV proteins (C, E1, and E2/NS2) and four C-terminal none-
structural proteins (NS2, NS3, NS4, and NS5) that are believed to function in 
viral replication (35). 
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Fig. 1: A model of the human HCV particle shape and the main 
structural elements of its composition. 
The Core protein (C) is located at the amino terminus of the polyprotein, 
measuring 30 to 35 nm in diameter  and is highly basic in nature and considered 
likely to be the viral core (capsid)  protein (11, 30). It is released from the viral 
polyprotein by nascent proteolytic cleavage at the amino acid 191 by cellular 
protease. The HCV core gene contains the most conserved sequence in the 
coding region of most HCV genotypes, which implies an important biological 
function (30). It interacts with several cellular proteins closely linked to important 
signal transmission pathway and can specifically suppress apoptotic cell death in 
artificial systems (11). Immunologically, (C) presents several epitopes for both T 
and B cells (30, 11). Thus it may have an immunomodulatory function and critical 
role in the establishment of persistence and disease pathogenesis (21). 
E1 and E2, the major viral structural envelop glycoproteins, are released 
from the viral polyprotein by the action of host-cell signal peptidases (21). The E1 
and E2 regions of the HCV genome show the highest mutation rate (31). E2 
contains a Hypervariable region 1 which shows an extraordinarily high rate of 
nucleotides change, and frequently results in codon changes (31). The presence 
of this rapidly changing region may permit a mechanism by which HCV evades 
host immune response and establishes and maintains a persistent infection (3). 
The HCV envelop protein, E2, contains a sequence identical to phosphorylation 
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sites of the interferon (IFN) inducible protein kinase (PKR) and the eukaryotic  
translation initiation factor (eIF2), a target of PKR (2,11). Thus it blocks the 
interferon signaling in response to the HCV infection and confers resistance to 
interferon therapy in most HCV isolates (36). 
The nonstructural proteins (NS2, NS3, NS4A, NS5A, and NS5B) 
respectively are autocleaved cysteine protease, serine protease/helicase, 
cofactor of NS3, PKR interacting protein, and RNA-dependent RNA polymerase 
(11). The polypeptides spanning NS3 to NS5B in the polyprotein are required for 
replication of the viral RNA, and most likely all contribute to a membrane-bound, 
macromolecular replicase complex. The NS5B protein is a highly conserved RNA 
dependent RNA polymerase (RdRp), which forms the catalytic core of this 
complex (21). It is capable of primer-independent initiation of RNA synthesis on 
an RNA template (33, 34). 
 
Fig. 2: Genomic organization and post translational processing 
of HCV in the endoplasmic reticulum (34). 
Risk factors of HCV transmission 
A person infected with HCV serves as a source of its transmission to 
others, and is at high risk for chronic liver disease and other HCV related chronic 
systemic disorder (37). Moreover patients with immunologic deficits are at an 
increased risk of developing chronic HCV infection (37). 
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HCV is efficiently transmitted by direct precutaneous exposure to infectious 
blood, sexual transmission, intravenous drug use, needle stick accidents, and 
blood transfusion before hepatitis screening (2, 31). Also transmission of the 
virus from mother to child is most commonly seen at the time of delivery, and is 
more frequent, with 3%–7.8% rate of transmission, in the case of high maternal 
viral load (38). Moreover, nosocomial transmission of HCV is frequently recorded 
(39, 40). Because most of the chronic HCV infections are generally anicteric and 
asymptomatic, patient-to-patient transmission of HCV during surgical procedures 
may occur (31, 37and 41). This may be due to contaminated anesthetics 
breathing circuits, inadequate cleaning of surgical equipment and faulty 
administration of intravenous anesthetic drugs (41). Other nosocomial 
transmission can occur during dental procedures, and hemodialysis (31). 
Less common risk factors for the transmission of HCV are tattooing, ear 
piercing, body piercing or acupuncture with nonsterile equipments. The sharing 
of toothbrushes and razors is also a risk factor. There is no definite evidence 
however that HCV is transmitted by breast feeding, although some risk may exist 
if the mother has a high viral load (37). 
In Gaza strip according to an unpublished study conducted by Mr. Rushdie 
Rusrus, the main risk factors for HCV infection are traveling abroad, especially to 
endemic areas; blood transfusion and nonsterile injections. Also visiting dentist 
for treatment, having surgery, and tattooing have important role in increasing the 
chance of HCV infection. 
HCV genotypes 
HCV is known to have a marked genetic heterogeneity with an estimated 
nucleotide substitution rate of between 1.44x10-3 and 1.92x10-3 substitutions per 
site per year (27, 34). The main source of HCV genetic variability is point 
mutations, single nucleotide substitutions, deletions or insertions (5). These 
mutations are introduced to the viral genome during its replication by the viral 
encoded RdRp. This process is highly error-prone because of the lack of 
proofreading activity of the RdRp (5, 34).  
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The accumulation of nucleotide substitutions in the HCV genome has 
resulted in its diversification and the evolution of the different HCV genotypes. At 
least six major genotypes of HCV and more than 50 subtypes have been 
identified (42). They differ by as much as 30%-50% of their nucleotide sequences 
(7). Each HCV genotype is given an Arabic number from 1 to 6, and the subtypes 
classified under each genotype are designated by an alphabetic letter (a, b, c, 
etc.) (43). Although HCV genotypes 1, 2, and 3 appear to have a worldwide 
distribution, the prevalence of the different genotypes varies by geographic 
region, see Table 1 (3).  
Table 1: The geographic distribution of HCV genotypes in the world (14, 44 
and 45). 
Genotype Most common geographic localization 
1a Mostly found in North & South America; also common in Australia 
1b Mostly found in Europe and Asia 
2a The most common genotype 2 in Japan and China 
2b The most common genotype 2 in USA and Northern Europe 
2c The most common genotype 2 in Western and Southern Europe 
3a-f 
Mostly found in Scotland & other parts of the United Kingdom; also 
common in USA 
4a-f 
Have been found in Egypt, Saudi Arabia, Jordan, Lebanon, Kuwait 
and most of the Eastern Mediterranean countries 
5 Has been described in South Africa 
6  In South-East Asia 
The role of HCV genotypes in the progression of liver disease is one of the 
most controversial areas of HCV research, but it cannot be separated from other 
factors such as, viral load, alcohol intake, and length of time of HCV infection (3). 
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There is evidence that associates certain genotypes of HCV with more severe 
hepatic pathology or quicker progression to chronicity (46). For example 
genotypes 1b and 4 were found to be associated with different histological 
grades of liver disease. The rate of progression to chronicity after acute exposure 
to HCV was 92% in patients exposed to HCV genotypes 1b and 4, compared 
with 33%-50% in patients exposed to other genotypes (3, 47). Furthermore, 
genotype 1b was present in most of the patients with HCV-associated 
hepatocellular carcinoma and decompensate liver disease requiring liver 
transplantation, more than in those with chronic active hepatitis C (46, 47and 48). 
Also HCV genotype 4 patients have a worse prognosis compared to other HCV 
genotypes after liver transplantation (14). Moreover, patients infected with type 1 
and 4 had a higher viral load than patients infected with other genotypes (46). On 
the other hand, HCV genotype 3 infections are more likely to resolve 
spontaneously than other genotypes, but may show faster progression of liver-
fibrosis (23, 49). Studies also showed that patients with genotype 3 were less 
likely to have detectable HCV in their blood compared with genotype 1 patients, 
suggesting that the immune system had cleared the virus on its own (22). The 
majority of patients infected with genotype 3 still developed chronic hepatitis C, 
but this is significantly lower than the rate of chronic disease in patients with 
genotype 1 (22) .  
Hepatocellular steatosis, a frequent histological feature of chronic HCV 
infection, has distinct mechanisms in different HCV genotype infections. Indeed it 
appears to be principally associated with metabolic factors in genotype 1 
infection, whereas it is virus-induced in genotype 3 infection, and thus more 
severe in HCV genotype 3 than in genotype 1 infection (50).  
HCV therapy and its relation to HCV genotype 
There is no effective vaccine against HCV infection up to date, as the 
efforts to develop one are complicated by the extensive genetic and antigenic 
diversity among HCV strains, the absence of a robust immunity after natural 
infection, and the lack of tissue culture systems and small animal models (51).  
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When left untreated, however HCV can lead to serious complications that 
include cirrhosis, primary liver cancer, liver failure and death (1). So the goal of 
treatment is to prevent these complications, which is principally achieved by 
eradication of HCV infection (43, 52 and 53). The viral RNA structures and 
proteins play a critical role in the HCV life cycle, and thus represent ideal targets 
for specific HCV therapy (54). 
In this regard there is no standard therapy for acute HCV infection and 
patients with symptomatic acute hepatitis C may not need immediate antiviral 
therapy (55). A recent study suggests that a follow up of at least 30 days is 
required to identify those patients who should receive treatment (56). 
In chronic HCV infection, treatment with a high dose of interferon (IFN) for 
12 months may be helpful (8, 57). Interferon was discovered in 1957 and 
subsequently named because of its ability to interfere in the life cycle of viruses 
(58). IFNs may be produced by cells in response to a range of stimuli, including 
foreign nucleic acids, foreign cells and bacterial and viral antigens (59). The 
recently FDA-approved pegylated interferon (Peg-IFN) is a modification of 
interferon, showing a decreased renal clearance, altered metabolism, and 
increased half life (52). 
IFN or Peg-IFN therapy is usually recommended for patients with chronic 
HCV who are at greatest risk for progression to cirrhosis (35).  These persons 
include anti-HCV-positive patients with persistently elevated ALT levels, 
detectable HCV RNA, and a liver biopsy that indicates either portal or bridging 
fibrosis or at least moderate degrees of inflammation and necrosis (35, 53). 
Other recommendations for whom therapy is widely accepted, include persons 
with compensated liver disease (total serum bilirubin <1.5 mg/dL, International 
Normalized Ratio (INR) < 1.5, Albumin > 3.4 g/dL; platelet count > 75,000 mm3; 
and no evidence of hepatic encephalopathy or ascites), and with acceptable 
hematological and biochemical indices (hemoglobin >13 g/dL for men and >12 
g/dL for women, creatinine < 1.5 mg/dL) (52).  
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Several factors identifiable before therapy are independent predictors of 
response to either form of IFN. These include the baseline level of serum HCV 
and the HCV genotype (58, 59). Analysis of the changes in HCV titers in the 
early part of IFN treatment is useful for prediction of the therapeutic response 
(53, 58). HCV genotype is the single most important factor predicting treatment 
outcome, and hence has a strong influence on the choice of treatment strategy 
(53, 60). 
During the first 1 to 2 days of therapy, and after a delay of 7-10 hours of IFN 
administration, the amount of viral RNA declines rapidly and then declines more 
slowly (58). In patients with genotype 1, the viral load decline in the early phase 
of IFN treatment is slower than that in patients with genotype 2 and 3, which may 
explain in part their lower rate of sustained virological response (SVR) (58). SVR 
is defined as the absence of the HCV RNA in serum by a sensitive test at the end 
of treatment and six months later (52).  
Patients, who have relapsed after interferon monotherapy, can be treated 
with a combination of interferon and ribavirin for 6 months, if there are no 
contraindications to ribavirin (8, 61, and 62). Ribavirin (1-β -D-ribofuranosyl-1, 2, 
4-triazole-3-carboxyamide) is a purine nucleoside analogue with broad spectrum 
antiviral activity against various RNA and DNA viruses (63). Given alone, ribavirin 
has not proved to be efficient in chronic HCV infection, but it significantly 
enhances the sustained viral clearance rate when combined to IFN (56). The NIH 
Consensus Statement on Management of Hepatitis C: 2002 summarizes that the 
SVR rate is low in patients with genotype 1 infection, with higher HCV RNA levels 
or with more advanced stages of fibrosis (1). In these cases a combination 
therapy might be useful (58). Research has shown that people with genotypes 2, 
3 and 5 have a higher SVR rate to such therapy than genotype 1 and 4 (46, 48 
and 60). Moreover patients with genotype 2 or 3 can be cured in almost 90% of 
cases by combination therapy with peg-IFN and ribavirin (55). On the other hand, 
genotype 1 and 4 infections require therapy for 48 weeks, whereas shorter 
treatment is feasible in genotype 2 and 3 infections (8, 64).  
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IFN alpha therapy is expensive, carries a substantial morbidity and has side 
effects such as neutropenia, thrombocytopenia, depression, hypothyroidism and 
hyperthyroidism, irritability, concentration and memory disturbances, visual 
disturbances, fatigue, muscle aches, headaches, nausea and vomiting, skin 
irritation, low-grade fever, weight loss, insomnia, hearing loss, tinnitus, interstitial 
fibrosis and hair thinning (31, 52 and 65).  Ribavirin also usually causes serious 
side effects such as hemolytic anemia, which can be life-threatening for patients 
with ischemic heart disease or cerebral vascular disease, fatigue, itching, rash, 
sinusitis, birth defects, or gout and is teratogenic and therefore contraindicated 
during pregnancy (28, 31). The therapy also can cause complications to patients 
with preexisting anemia, bone marrow suppression, or renal failure (31, 65). 
Growth factors, such as epoetin and granulocyte colony-stimulating factor have 
been used to counteract the adverse events of ribavirin and interferon (52).  
HCV therapy is usually very lengthy and expensive with 6 to18 months of 
treatment costing between $12,000 and $15,000 per patient (46). In Gaza strip 
this treatment costs between $ 9,000 and $18,000 (66). 
HCV Genotypes in the Gaza Strip: 
Currently, there is almost no available data about the most prevalent 
genotypes in the Palestinian territories. Moreover, genotyping of the HCV is not 
requested by Palestinian physicians as a part of the disease assessment 
protocol.  
A study conducted in 1998 showed that the most common genotype found 
in Gaza strip is type 4 (67). The results of the study suggested that HCV root of 
transmission to Gaza strip is mainly from Egypt. This study however is not 
enough because it was carried out only on a small sample of a limited population 
of the Gaza strip (Nasser hospital patients). Moreover, the proportions of the 
disease have changed dramatically since that date. 
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Laboratory testing 
The determination of HCV RNA level and genotype is an important step in 
the diagnosis of HCV infection and the patient’s candidacy for therapy (68). 
Screening and initial diagnosis of HCV is usually accomplished by ELISA 
detection of antibodies against HCV in the patient's blood. However, false-
positive results may be obtained after the infection has resolved as the antibody 
titer remains high, and in individuals with hypergammaglobulinemia, as a result of 
autoimmune hepatitis (69). On the other hand, the incubation period of HCV 
infection varies from 6 to 12 weeks (average 7 weeks) (40) and false negative 
results are obtained in the first 3-4 months window-period needed for the infected 
person to mount detectable levels of anti-HCV antibodies (70). Such a false-
negative result may be obtained in immunocompromised patients as well. To 
avoid these disadvantages, several molecular diagnostic methods have been 
developed that target the HCV ribonucleic acid (RNA) in the serum of suspected 
patients (71). These include the reverse transcriptase polymerase chain-reaction 
(RT/PCR); the signal amplification nucleic acid probe assay, alternatively known 
as branched DNA (bDNA); ligase chain reaction (LCR); transcription–mediated 
amplification (TMA) and other various post amplification hybrid capture systems. 
However, the RT/PCR technique has evolved as the most common method for 
HCV viral RNA detection and quantification in clinical samples (31). The direct 
detection of HCV RNA by RT-PCR allows the early diagnosis of acute infections 
(within 1-3 weeks of exposure) as well as the diagnosis of infection in 
immunosuppressed patients (10, 38). There are two challenges of molecular 
assays for HCV: (a) the RNA is unstable and the sample should be frozen if not 
assayed immediately, and (b) the virus is not always present in the bloodstream 
in an infected person. Negative RT-PCR assays for HCV are usually repeated 
three times over a three month interval before a definite diagnosis is made (43). 
The serum alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) activity is usually used to assess hepatocellular damage as a result of 
 15
HCV infection (72). However, elevation in serum aminotransferases activity is not 
HCV-specific, as it is seen in other liver disorders of various etiologies as well.                                                                                                                                           
Qualitative HCV RT-PCR: 
A highly sensitive and specific qualitative HCV RT-PCR test can tell 
whether the virus is actively replicating at the time of analysis. HCV-RNA 
qualitative PCR assays can detect as few as 50 copies of the viral RNA/ml serum 
when the primers are specific for the 5' UTR, the most highly conserved region 
among HCV genotypes (31).  
Quantitative HCV RT-PCR: 
The viral load detected with quantitative molecular assays can be used to 
predict the outcome of anti-HCV therapy but not the likelihood of disease 
progression (10). Currently there are some FDA-cleared commercially available 
techniques for quantifying the HCV RNA in serum. These include the 
“VERSANT® HCV RNA 3.0 Assay (bDNA)” from Bayer Diagnostics, and the 
“COBAS AMPLICOR HCV MONITOR® Test, v2.0” from Roche (52). 
HCV genotyping 
There are several commercially available methods for the determination of 
the HCV different genotypes. Some of these methods are FDA-cleared, such as 
“The VERSANT® Genotype Assay (LiPA)” from Bayer Diagnostics. This 
technique uses the reverse hybridization and detection of the HCV RT-PCR 
amplification products to multiple type-specific DNA probes immobilized on a 
single strip (73). Other techniques for HCV genotyping use the real time multiplex 
PCR technology to specifically detect the genotype-specific sequences by 
fluorescently labeled probes or primers (73). Researchers have also used 
genotype specific primers (GSP) in a multiplex PCR amplification that generates 
variable length products corresponding to the different HCV genotypes (27). The 
restriction fragment length polymorphism (RFLP) is widely used for HCV 
genotyping (74). However, sequencing of the PCR products generated from the 
5’ UTR of the HCV genome and the subsequent sequence analysis remains the 
golden technique for genotyping (31, 75). 
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MATERIALS AND METHODS 
Study design 
The current study is a retrospective study concerned with genotyping of HCV 
isolated from chronic patients in Gaza strip. The study design is based on data 
collected from each patient by dichotomous and multiple-choice based 
questionnaire and experimental procedure performed on serum samples. The 
collection of blood samples started in June 2006.  
Study population  
The study population was made up of chronic HCV Gaza patients who presented 
continuously to the outpatient medical clinics of the European Gaza hospital, Al-
Shiffa hospital and the central laboratory in Al-Remal clinic. Male and female 
patients, with no age restriction, were chosen according to availability and based 
on the fact that they are chronically infected with HCV. The patients were almost 
equally distributed in the north and south of Gaza strip. 
Setting  
The setting of the study was the molecular biology laboratory in the Islamic 
university of Gaza.  
Ethical considerations 
The study principles were discussed and revised by the academic supervisors. 
The study was approved officially by the Islamic university, the Palestinian MOH, 
and Helsinki committee. The principle of the research and possible outcomes 
were explained to all subjects of the study and the samples and data were 
collected upon their agreement. The subjects’ personal information was dealt 
with in complete confidentiality. 
Questionnaire and data collection 
A close-ended, dichotomous and multiple-choice based questionnaire was 
designed in Arabic and completed by the researcher to prevent any 
misunderstanding. The patients investigated in the study were interviewed before 
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completion of the questionnaire. The questions were direct and brief and 
included personal data like, age, marital status, education level and previous 
history of HCV infection.  Refer to appendix (1) for the complete questionnaire. 
Reagents 
The reagents that were used are listed in table 2. 
Table 2: Reagents which were used 
Chemicals  and reagents Manufacturer 
QIAamp Viral RNA Mini Kit: 
• Buffer of( AVL, AW1,AW2,&AVE) 
• Carrier RNA ( poly A) 
Qiagen, Germany 
QIAGEN One Step RT-PCR Kit: 
• One step RT-PCR enzyme mix:  20mM Tris.Cl, 
100mM KCl, 1mM dithiothreitol (DTT), 0.1mM 
EDTA, 0.5% (v/v) Nonidet p-40, 0.5% (v/v) 
Tween20, 50% glycerol (v/v) and   stabilizer. The 
pH 9.0 at 20ºC. 
• 5x QIAGEN one step RT-PCR buffer: the same 
balanced combination of potassium chloride (KCl) 
and ammonium sulphate (NH4)2SO4, Tris Cl, 12.5 
mM MgCl2, DTT; PH 8.7. 
• DNTP Mix: 10mM of each of dATP, dCTP, dGTP 
and dTTP. 
• RNase inhibitor. 40 units/ µl. 
• RNase-free water. 
Qiagen, Germany 
Qiaquick Gel Extraction Kit: Qiagen, Germany 
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Chemicals  and reagents Manufacturer 
• Buffer PB contains guanidine hydrochloride and 
isopropanol 
• Buffer PN contains sodium perchlorate and 
isopropanol 
• Buffer QG contains guanidine thiocyanate 
• Buffer EB (10mM Tris.Cl, PH 8.5). 
Serum alanine aminotransferase test reagent Diaysis 
Ethyle alcohol 96% Local 
Isopropanol Local 
Agarose gel Promega (USA) 
50 bp DNA ladder  New England Bio Labs 
(USA 
Low molecular weight marker  New England Bio Labs 
(USA) 
Primers sequences  
The primers listed in table 3 were designed to specifically bind the 5’UTR of 
the HCV genome that is highly conserved among the different genotypes (76). 
Sequence degeneracy was included to allow annealing to the various genotypes 
(1, 2 and 31). 
Table 3: Primers sequences which were used.  
Primer ID Sequence (5’ TO 3’)* Location Product size (bp) 
HCV-1F CCCTGTGAGGAACTWCTGTCTTCACGC -299 
HCV-1R GGTGCACGGTCTACGAGACCT -1 
298 
* To include sequence degeneracy, W = A or T. 
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Equipment 
The important equipments that were used are listed in table 4: 
Table 4: The important equipments that were used. 
Instruments  Manufacturer  
Thermal-cycler: mastercycler gradient Eppendrof, Germany 
Electrophoresis chambers and power supply Biorad, USA  
Microcentrifuge  Sanyo, UK  
UV-transilluminator Hoefer ,USA 
Microwave oven L.G Korea  
Methods  
Patients and Samples collection 
One hundred peripheral blood samples were collected, in plain tubes, from 
Gazian patients (males and females) who are chronically infected with HCV 
(based on previous diagnosis either by ELISA or RT-PCR). The samples were 
collected upon Helsinki committee approval, starting from June, 2005. Out of the 
100 samples, 55 were obtained from the European Gaza hospital (south of Gaza 
strip), and 45 from Al-Shiffa hospital and Al Remal clinic (north of Gaza strip). 
Fifteen samples were collected from dialysis patients, and the rest from random 
patients. Serum samples were prepared within no more than 4 hours after 
sample collection and immediately stored in sterile DNase- and RNase-free, 
tightly caped tubes, at -70ºC.  
Biochemistry 
ALT was analyzed for all samples using (Alcyon autoanalyser machine) in 
the laboratory of the European Gaza hospital, according to the manufacturer 
instructions. The normal range for ALT was considered from 0 to 40 IU /ml. 
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Viral RNA Extraction  
The viral RNA was extracted from serum samples using the QIAamp viral 
RNA Extraction kit according to the manufactures recommendations. Briefly, 140 
µl from each sample were first brought to room temperature before being lysed 
under highly denaturing conditions, to inactivate RNases and to keep viral RNA 
integrity. The lyses buffer contains carrier RNA to increase the yield. The viral 
RNA was extracted by 96% ethanol and subsequently loaded onto the QIAamp 
spin columns that are designed to bind the RNA selectively. The columns were 
washed by ethanol-containing buffers and the RNA was eluted in a special 
RNase-free buffer. The RNA samples were either immediately processed for 
PCR or stored at –20ºC for later PCR Experiments. 
HCV RT- PCR amplification  
Both cDNA synthesis and PCR amplification of the target sequences were 
performed in a single tube using the QIAGEN one step RT-PCR kit according to 
the manufacture instructions. This allows for enrichment of the target sequence 
and increases the specificity using a sequence specific primer for cDNA 
synthesis and amplification. Moreover this would reduce the loss of sample and 
reduce the possibilities of contamination. 
The reactions were carried out in 25µl reaction volumes using 10µl RNA in 
the presence of 0.6µM of each primer (HCV-1F and HCV-1R), 400µM of each 
dNTP and 5 units RNase inhibitor. The reaction cycling conditions were: 1 cycle 
at 50ºC for 30 minutes, 1 cycle at 95ºC for 15 minutes followed by 40 cycles of 
95ºC for one minute, 55ºC for one minute and 72ºC for one minute. Finally the 
reactions were allowed to complete at 72ºC for 10 minutes and held at 4ºC. 
The products were analyzed by running onto 2% agarose gel and stained 
with ethedium bromide. The appearance of a 298 bp band was considered a 
positive result. In each reaction set, a water sample was used as a negative 
control to exclude possible contamination.  
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PCR Band Gel Extraction   
DNA fragments were purified from the gel using the Qiaquick Gel Extraction 
Kit according to the manufacture instructions. Briefly, the agarose gel which 
contains the DNA fragment was cut excised and dissolved by adding 3 volumes 
of the QG buffer to 1 volume of agarose gel. It was then incubated at 50ºC for 10 
minutes. The PCR products were then extracted by the addition of isopropanol 
and loading onto the QIAquick spin columns that are designed to bind the DNA 
selectively. The columns were washed and the DNA was eluted in a special 
buffer that contains no EDTA. The DNA samples were labeled by a reference 
number and stored at –20ºC until submission for sequencing. 
HCV genotyping and sequence analysis 
Ninety two purified PCR products were submitted to (hy–laboratories Ltd, 
Park Tamar, Rehovot) for sequencing and genotypes determination. The 
sequencing procedure was conducted using the Big Dye Terminator Cycle 
Sequencing kit from ABI in an automated sequencer. The sequences were 
obtained as data files in two extensions for each file (*.ab1 and *.seq). 
The genotypes of the different samples were determined by the hy–
laboratories company using ABI-analysis software for downstream analysis of 
sequences. We also used the NCBI Genotyping internet software (77) for the 
same purpose. The sequence files were edited if necessary by the BioEdit 
Sequence Alignment Editor software freely available from (78) seeFig.3. The 
edited sequences were used to determine the genotype by the upper mentioned 
website. The edited sequences were also aligned and phylogenetic trees were 
constructed using the Internet version of the (ClustaW) multiple sequence 
alignment program for DNA or protein, using default parameters for DNA multiple 
alignment (79). The resulted files of alignment and trees were downloaded on the 
local disc and later manipulated using the Jalview version 2.07 java multiple 
alignment editors. The phylogenetic trees were constructed using the 
Unweighted Pair Group Method using arithmetic average (UPGMA). This method 
is a simple method that is used for constructing phylogenetic trees especially if 
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the rates of evolution are approximately constant among the different lineages 
tested. It involves the clustering of sequences by tiding a non-member sequence 
with the lowest average dissimilarity over cluster members. 
 
Fig. 3: A sample for sequence viewed by the BioEdit software. 
Data analysis 
The questioner results were transformed into numerical scoring system, 
and the scorers were entered in the data sheets of the SPSS statistical data 
analysis software. The statistical analysis was carried out (by SPSS and Epi-
info), using frequencies and cross tabulation between dependant and 
independent variables. Chi square test and T test were used and P-values of < 
0.05 were considered statistically significant. 
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RESULTS 
Amplification and sequencing of the RT-PCR products 
All of the patients included in this study were chosen on the basis of being 
chronically infected with HCV as determined by either anti HCV test or a previous 
RT- PCR test. All patients were residents in Gaza strip. The setting of the study 
was molecular biology laboratory. Islamic university of Gaza.  
 RNA was extracted from serum specimens of each patient, and the RNA 
was then subjected to both reverse transcription of a complementary strand and 
to PCR amplification in a single test tube (see Materials and Methods). A fraction 
of the samples tested were found to be negative while 92 samples gave the 298 
bp band on the gel characteristic of a positive PCR (Fig.4). The negative samples 
may be due to that the infection has resolved as the majority of patients are 
under therapy. These samples thus were excluded from the study as being 
irrelevant to the genotyping study. The quality of the PCR reaction and the lack of 
contamination were assessed by the inclusion of a negative (H2O), control which 
didn’t show any PCR amplification in all of the trials. 
 
Fig. 4: The result of a representative PCR experiment of patients’ samples 
with different degrees of viremia. The level of viremia was previously 
determined by quantitative PCR performed in Al Remal Clinic. M: 100bp ladder, 
molecular weight marker; C: water control. The size of product is 298 bp. 
The detected HCV genotypes and subtypes in Gaza Strip 
The major genotypes determined using the NCBI online service were in 
general agreement with those got from the hy–laboratories company. However 
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the sequences got from the hy–laboratories company included a wider range of 
subtypes and thus they were considered in the study. 
Table 5 shows the distribution of the different HCV genotypes and their 
subtypes among 92 chronic HCV patients in Gaza strip. Our results indicate that 
there are only two major genotypes of HCV in Gaza Strip: Genotype 1 and its 
subtypes 1a and 1b collectively contributed to 28.3% of the cases (n=26), and 
genotype 4 and its subtypes 4a and 4c/d collectively contributed to 64.1% of the 
cases (n=59). Mixed infection with the two genotypes were also seen among 
7.6% of the cases (n=7) (Fig. 5). The combined infections included genotypes 1 
and 4 or 1 and 4c/d. 
Table 5: Frequencies of HCV genotypes in the 92 patients studied in Gaza 
Strip.  
Genotype No of cases Percent 
Genotype 1 and its subtypes 26 28.3 
1 1 1.1 
1a 17 18.5 
1b 8 8.7 
Genotype 4 and its subtypes 59 64.1 
4 19 20.6 
4a 21 22.9 
4c/d 19 20.6 
Mixed Genotypes 7 7.6 
1+4 2 2.2 
1+4c/d 5 5.4 
Total 92 100 
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Because of the small number of patients classified under most of the 
different subtypes, we collectively combined each genotype and all of its 
subtypes under the same category. This combination is considered for all of the 














Fig. 5: Distribution of HCV genotypes and subtypes among the 
study population.  
Relationship between HCV genotypes and the age of patient 
The study population was subdivided into three age groups (0-39 years, 40-
59 years and over 60 years). Table 6 shows the distribution of HCV genotypes 
among the three groups. The distribution of the genotypes and their subtypes in 
the entire population of the study is preserved among each of the age groups 
separately. Genotype 4 and   its subtypes for example is the major among all of 
the three age groups as well as in the entire population (table 6).  
We can hardly detect any significant relation between the genotypes and 
the three groups. However it is noteworthy to mention that infections by mixed 
genotypes are significantly more frequent in elder patients (over 60 years) 
(71.4%) when compared to genotype 1 for example (15.4%) (P-value = 0.01, 
odds ratio = 13.75) (Table 6 and Fig. 6).  
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Table 6: Distribution of the different HCV genotypes and subtypes among 
the age groups of the studied patients. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 8 18 1 27 
% within age group 29.6 66.7 3.7 100.0 0-39 
% within genotype 30.8 30.5. 14.3 28.6 
Count 14 25 1 40 
% within age group 35.0 62.5 2.5 100.0 40-59 
% within genotype 53.8 42.4 14.3 43.5 
Count 4 16 5 25 
% within age group 16.0 64.0 20.0 100.0 Over 60 
% within genotype 15.4 27.1 71.4 27.2 
Count 26 59 7 92 
% within age group 28.3 64.1 7.6 100.0 Total 






























Fig. 6: Relationship between the HCV genotype and the age of 
patients. The age of patients participating in the study (n =92) were 
subdivided into 3 age group (0-39, 40-59, and over 60) and the 
number of patients falling in each group was plotted for each 
genotype. 
Relationship between HCV genotypes and the patients place of 
living. 
Fifty eight out of the 92 patients studied (63%) were from the south of Gaza 
Strip and 34 (37%) were from the north (table 7). The table shows that genotype 
4 and its subtypes in the south (72.4%) are more prevalent than genotype 1 and 
its subtypes (19.0%). In contrast, genotype 4 and its subtypes contribute to 
(50.0%) of the Northern patients compared to (44.1%) for genotype 1 and its 
subtypes. The mixed genotypes are the least abundant among patients from both 
areas (8.6 % for Southern patients and 5.9% for Northern patients).  
If we look at the distribution of genotype 4 and its subtypes only, we find 
that 71.2% of patients infected with this genotype are located in the Southern 
part of the Gaza Strip compared to 28.8% in the Northern part. This difference is 
statistically significant (P-value = 0.01; odds ratio=3.29). On the other hand, 
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genotype 1 and its subtypes are almost equally distributed among Southern 
patients (42.3%) and Northern patients (57.7%) (Fig. 7). 
Table 7: Distribution of the different HCV genotypes and subtypes in the 
southern and northern parts of Gaza strip. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 11 42 5 58 
% within “South” 19.0 72.4 8.6 100.0 South 
% within genotype 42.3 71.2 71.4 63.0 
Count 15 17 2 34 
% within “North” 44.1 50.0 5.9 100.0 North 
% within genotype 57.7 28.8 28.6 37.0 
Count 26 59 7 92 
% within “Total” 28.3 64.1 7.6 100.0 Total 































Fig. 7: Relationship between HCV genotypes and the patients 
place of living. The patients studied were divided into two groups 
according to their place of living (X-axis). The distribution of HCV 
genotypes among each group is shown in the bar chart. The number 
of cases is indicated on the top of each bar. 
Relationship between HCV genotypes and the patient traveling 
history 
Table 8 shows the distribution of HCV genotypes in relation to the patients 
traveling history. Collectively the number of patients that have traveled to a 
foreign country is almost twice that of those who haven’t (62.0% n=57) compared 
to (38.0% n=35). Moreover, it is likely that traveling has contributed more to 
genotype 4 and its subtypes (62.7% "Yes") compared to (37.3% "No") and to the 
mixed genotypes (85.7% "yes") compared to 14.3% "No"). However no such 
contribution was made in the case of genotype 1 and its subtypes (53.8 %" yes") 
compared to 46.2% "No"). 
 30
Table 8: Distribution of the different HCV genotypes and subtypes among 
patients who did or didn’t travel to a foreign country. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 14 37 6 57 
% within “Yes” 24.6 64.9 10.5 100.0 Yes 
% within genotype 53.8 62.7 85.7 62.0 
Count 12 22 1 35 
% within “No” 34.3 62.9 2.9 100.0 No 
% within genotype 46.2 37.3 14.3 38.0 
Count 26 59 7 92 
% within “Total” 28.3 64.1 7.6 100.0 Total 
% within genotype 100.0 100.0 100.0 100.0 
Among the 57 patients that traveled abroad, 39 patients (68.4%) traveled 
before they were infected (Table 9). Only one patient (1.8%) reported that he 
traveled after he has been infected, while 17 patients (29.8%) reported that they 
don’t know if they traveled before or after the infection (table 9). More or less, the 
same distribution is seen among each of the genotypes (50% compared to 7.1% 
for genotypes 1; 75.7% compared to 0% for genotypes 4 and 66.7% compared to 
0% for the mixed infections). These percentages differences would reach greater 
proportions if we neglect patients who don’t know.  
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Table 9: Relationship between genotype and traveling date. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 7 28 4 39 
% within “Before” 17.9 71.8 10.3 100.0 Before 
% within genotype 50.0 75.7 66.7 68.4 
Count 1 0 0 1 
% within “After” 100.0 0 0 100.0 After  
% within genotype 7.1 0 0 1.8 
Count 6 9 2 17 
% within “Don’t Know” 35.3 52.9 11.8 100.0 
Don’t 
Know 
% within genotype 42.9 24.3 33.3 29.8 
Count 14 37 6 57 
% within “Total” 24.6 64.9 10.5 100.0 Total 
% within genotype 100.0 100.0 100.0 100.0 
 
If we conceder only the patients with a traveling history, we find that 45 out 
of 57 patients (78.9%) have traveled to Egypt. The rest 12 patients (21.1%) 
visited other places like, Jordan and Saudi Arabia and in few cases to both 
Jordan and Egypt (Table 10). Referring to table 10, it can be obviously seen that 
the majority of the patients with genotype 4 infection and a traveling history, have 
traveled to Egypt (94.6%) compared to a minor proportion that have traveled to 
countries other than Egypt (5.4%). On the other hand Genotype 1 and its 
subtypes as well as the mixed genotypes show no preference regarding the 
traveling place (Fig. 8). 
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Table 10: Relationship between genotypes and traveling destination. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 7 35 3 45 
% within Destination 15.6 77.8 6.7 100.0 Egypt  
% within genotype 50.0 94.6 50.0 78.9 
Count 7 2 3 12 
% within Destination 58.3 16.7 25.0 100.0 Other*  
% within genotype 50.0 5.4 50.0 21.1 
Count 14 37 6 57 
% within Destination 24.6 64.9 10.5 100.0 Total 
% within genotype 100.0 100.0 100.0 100.0 




























Fig.8: Relationship between HCV genotypes and previous 
traveling destination of the patients. The patients with traveling 
history were classified into 2 main categories based on the traveling 
destination (X–axis). The distribution of the HCV genotype among 
each category is shown in the bar-chart. The number of cases is 
indicated on the top of each bar. 
Relationship between genotype and history of blood transfusion 
Table 11 shows that blood transfusion gives a higher chance for mixed 
infection to occur than either type 1 or type 4 alone. Five out of 7 patients with 
mixed genotypes (71.4%) have a history of blood transfusion. 
From table 11 also it can be seen that the total number of patients that ever 
had a blood transfusion was 40 patients (43.5%). All of those 40 patients got their 
blood transfusion before being infected with HCV (Table 11). Moreover, genotype 
4 and its subtypes are the prevailing genotypes among those who had the 
transfusion (60%) as well as among those who did not have the transfusion 
(67.3%) table (11). 
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Table 11: Distribution of the different HCV genotypes and subtypes among 
patients with or without a history of blood transfusion: 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 11 24 5 40 
% within “Yes” 27.5 60.0 12.5 100.0 Yes  
% within genotype 42.3 40.7 71.4 43.5 
Count 15 35 2 52 
% within “No” 28.8 67.3 3.8 100.0 No 
% within genotype 57.7 59.3 28.6 56.5 
Count 26 59 7 92 
% within Total 28.3 64.1 7.6 100.0 Total 
% within genotype 100.0 100.0 100.0 100.0 
A significant relation could be established between the genotypes and the 
place at which the patients had their blood transfusion (P value = 0.026). This 
relation is obvious in the case of Egypt transfusions, as 13 out of 14 patients 
(92.9%) who had a transfusion in Egypt are infected by the genotype 4 and its 
subtypes, the dominant genotypes in Egypt. No preference however could be 
seen between genotypes 1 (40%) or genotypes 4 (44%) for patients who had a 
transfusion in Gaza Strip (n=25). Only one patient was transfused in Jordan and 
is infected by genotype 1 (Fig. 9 and Table 13). 
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Table 12: Distribution of the different HCV genotypes and subtypes among 
patients with a history of blood transfusion before or after infection. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 11 24 5 40 
% within “Before” 27.5 60 12.5 100 Before  
% within genotype 100 100 100 100 
 
Table 13: Relationship between genotypes and place of blood transfusion: 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 10 11 4 25 
% within “Gaza” 40 44 16 100 
Gaza 
 
% within genotype 90.9 45.8 80.0 62.5 
Count 0 13 1 14 
% within “Egypt” 0 92.9 7.1 100 
Egypt 
 
% within genotype 0 54.2 20 35 
Count 1 0 0 1 
% within “Jordan” 100 0 0 100 
Jordan 
 
% within genotype 9.1 0 0 2.5 
Count 11 24 5 40 
% within Total 27.5 60 12.5 100 
Total 
 




























Fig. 9: Relationship between genotypes and places of blood 
transfusion. Only patients with a history of blood transfusion were 
considered and divided into 3 different categories based on the place 
in which they had their transfusion (x-axis). Distribution of the 
different HCV genotypes among each category is shown in the bar-
chart representation. The number of patients is indicated on the top 
of each bar. 
Relationship between HCV genotypes and the patient history of 
surgical operations. 
Table 14 describes the relation between histories of surgical operations to 
the different HCV genotypes. The table shows that in total 48.9% of the patients 
underwent a medical operation during their life (n=45) compared to 51.1% who 
haven’t undergone any medical operations (n=47). The same situation is seen in 
each of the genotypes with almost equal number of patients who had or hadn’t 
any operations (table 14). However if we consider only the 45 patients with a 
history of medical operations we find that almost all of those patients underwent 
their medical surgeries before being infected with HCV, 86.7% compared to 6.7% 
after infection and 6.7% that don’t know the date (Table 15). This is also true for 
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each of the different genotypes (78.5% compared to 14.3% and 7.2% for 
genotype 1 and its subtypes; 88.9% compared to 3.7% and 7.4% for genotype 4 
and its subtypes and 100% for the mixed genotypes). Moreover a significant 
relation could be established between the genotype and the place of medical 
surgery (P-value = 0.001).  For example 17 out of the 18 patients who had their 
surgeries in Egypt have genotype 4 and its subtypes (94.4%), while slightly more 
patients with genotypes 1 and its subtypes (50%) than genotype 4 and its 
subtypes (41.7%) had their surgeries in Gaza. On the other hand, 66.7% of those 
who had their operations in Jordan have mixed infections (Fig. 10 and Table 16). 
Table 14: Distribution of the different HCV genotypes and subtypes among 
patients with or without a history of surgical operations. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 14 27 4 45 
% within “Yes” 31.1 60 8.9 100 Yes  
% within genotype 53.8 45.8 57.1 48.9 
Count 12 32 3 47 
% within “No” 25.5 68.1 6.4 100 No 
% within genotype 46.2 54.2 42.9 51.1 
Count 26 59 7 92 
% within Total 28.3 64.1 7.6 100.0 Total 
% within genotype 100 100 100 100 
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Table 15: Distribution of the different HCV genotypes and subtypes among 
patients who underwent a surgical operation before or after infection. 
Genotype 
 




Count 11 24 4 39 
% within “Before” 28.2 61.5 10.3 100 
Before 
 
% within genotype 78.6 88.9 100 86.7 
Count 2 1 0 3 
% within “After” 66.7 33.3 0 100 
After 
 
% within genotype 14.3 3.7 0 6.7 
Count 1 2 0 3 
% within “Don’t Know” 33.3 66.7 0 100 
Don’t 
Know 
 % within genotype 7.1 7.4 0 6.7 
Count 14 27 4 45 
% within Total 31.1 60.0 8.9 100 
Total 
 
% within genotype 100 100 100 100 
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Table 16: Distribution of the different HCV genotypes and subtypes within 
the places of surgical operation 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 12 10 2 24 
% within “Place” 50 41.7 8.3 100 
Gaza 
 
% within genotype 85.7 37 50 53.3 
Count 1 17 0 18 
% within “Place” 5.6 94.4 0 100 
Egypt 
 
% within genotype 7.1 63 0 40 
Count 1 0 2 3 
% within “Place” 33.3 0 66.7 100 
Other 
 
% within genotype 7.1 0 50 6.7 
Count 14 27 4 45 
% within “Place” 31.1 60 8.9 100 
Total 
 






























Fig. 10: Relationship between the HCV genotypes and the place 
of surgery. Only patients who had a surgical operation were 
considered, and classified according to the place of surgery (x-axis). 
The distribution of HCV genotypes is shown within each group of 
patients with a common place of surgery. The number of patients is 
indicated on the top of each bar. 
Relationship between HCV genotypes and ALT level in the 
patient blood 
The relation between HCV genotype and ALT level is shown in (Table 17). 
A significant relation could be established between the number of patients with 
ALT values above or below 40 IU/ml and the genotype of the patient (P-value = 
0.003). For example, 73.1% of the patients infected with genotype 1 and its 
subtypes (19 out 26) have ALT values above 40 IU/ml (the normal upper limit). 
On the other hand 66% of the genotype 4 patients (39 out 59), and 71.4% of the 
mixed genotypes patients (5 out of 7) have ALT values lower than 40 IU/ml. 
Moreover, if we compare the mean of the ALT values for patients from the 
different genotypes, we find that patients infected with genotype 1 and its 
subtypes have significantly higher ALT values than those infected with genotype 
4 and its subtypes and the mixed genotypes (P-value ≤ 0.04) (Fig. 11 ). 
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Table 17: Distribution of the different HCV genotypes and subtypes among 
patients having ALT values below or above 40 IU/ml 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 7 39 5 51 
0-40 
% within genotype 26.9 66.1 71.4 55.4 
Count 19 20 2 41 
Over 40 
% within genotype 73.1 33.9 28.6 44.6 
Count 26 59 7 92 
Total 

























Fig. 11: The relationship between the different HCV genotypes 
and the mean ALT value. The mean was calculated for patients 
from each genotype group and plotted in a bar chart. The means 
were compared and t-test and standard deviation calculated for each 
pair at a time. 
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Relationship between HCV genotypes and hemodialysis 
Fifteen out of the 92 patients (16.3%) undergo dialysis on a regular basis 
(Table 18). The distribution of the different genotypes among hemodialysis 
patients is not different from that in the rest of patients. Four hemodialysis 
patients (26.7%) are infected with type 1 and its subtypes, 9 patients (60%) with 
type 4 and its subtypes and 2 patients (13.3%) have combined infections. On the 
other hand, 22 of the rest of patients (28.6%) are infected with type 1 and its 
subtypes, 50 patients (64.9%) are infected with type 4 and its subtypes and 5 
patients (6.5%) have combined infection. 
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Table 18: Distribution of the different HCV genotypes among hemodialysis 
and non-hemodialysis patients 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 4 9 2 15 
% within “Yes” 26.7 60 13.3 100 
Yes 
 
% within genotype 15.4 15.3 28.6 16.3 
Count 22 50 5 77 
% within “No” 28.6 64.9 6.5 100 
No 
 
% within genotype 84.6 84.7 71.4 83.7 
Count 26 59 7 92 
% within Total 28.3 64.1 7.6 100 
Total 
 
% within genotype 100 100 100 100 
Relationship between HCV genotypes and the patients level of 
education. 
The patients were divided into two groups based on the number of years 
they received their education. The first group (primary) with less than 10 years of 
education (n=62) accounted for 67.4% of the patients, while the second group 
(secondary) with more than 10 years of education (n=30) accounted for (32.6%) 
table (19). No significant relation could be detected between any of the groups 
and HCV genotypes (P-Value=0.8. The different HCV genotypes are almost 
similarly distributed within the two groups. 
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Table 19: Distribution of the different HCV genotypes among patients with 
primary and secondary levels of education. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 17 41 4 62 
% within primary  27.4 66.1 6.5 100 primary 
% within genotype 65.4 69.5 57.1 67.3 
Count 9 18 3 30 
% within secondary  30 60 10 100 secondary 
% within genotype 34.6 30.5 42.9 32.6 
Count 26 59 7 92 
% within total 28.3 64.1 7.6 100 Total 
% within genotype 100 100 100 100 
Relationship between HCV genotypes and infection date 
 As shown in table (20) there is no significant difference between the 
infection with any HCV genotype and the date of infection. The mean period of 
infection for genotype 1, 4 and the mixed genotype is 2.781, 2.3807 and 3.142 
respectively. However the difference between these means is not statistically 
significant (P value=0.8). 
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Table 20: Distribution of the different HCV genotypes among patients with 
different durations of infection. 
Genotype 
 
1, 1a, 1b 4, 4a, 4c/d 4+1, 4c/d+1 
Total 
Count 11 24 2 37 
% within duration 29.7 64.9 5.4 100 0-1year 
% within genotype 42.3 40.7 28.6 40.2 
Count 15 35 5 55 
% within duration 27.3 63.6 9.1 100 over 1 year 
% within genotype 57.7 59.3 71.4 59.8 
Count 26 59 7 92 
% within duration 28.3 64.1 7.6 100 Total 
% within genotype 100 100 100 100 
Sequence analysis  
    The clustering pattern of the different sequences used in the multiple 
alignment and tree construction was generally informative (Fig. 12). Two major 
leaves were clustered in the tree. These comprise the type 1 sequences in one 
leaf and the type 4 sequence in another. The mixed genotypes also clustered in 
a separate leaf but with some of the type 1 and type 4 sequences.  
All of the sequences from patients who had a surgery before being infected 
were aligned and a tree was constructed. Once again the type 1 sequences 
clustered separately from type 4 sequences (Fig. 13). Moreover, sequences from 
patients with a surgery in a given area (like Egypt) clustered together within the 
same group (they are more closed related). This might indicate a common origin 
for the infection. The same was also seen with sequence for blood transfusion 
patients (Fig 14A and 14B).  
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By referring to (Fig. 13) it can be seen that only one patient who had a 
surgery in Egypt was infected by genotype 1a, which is the rare genotype in 
Egypt. The same patient had blood transfusion in Gaza (Fig. 15) which may 
explain getting a genotype 1a HCV and not 4. Moreover, in all of the trees 
indicated it can be clearly seen that patients who had a blood transfusion and 
underwent a surgery in a given country got the genotype that is most common in 
that country. This establishes a strong link between undergoing a blood 
transfusion and a surgery in Egypt for example and getting genotype 4 HCV 
infections. This relation is not accidental, but it seems that patients got the HCV 
infection as consequence to the surgery and / or blood transfusion. 
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 Fig. 12: The clustering pattern and multiple sequence alignment of the different sequences used in the study. The 
sequences from patients who were aligned and used for construction of a dendrogram as described in the materials and 




Fig. 13: A dendrogram of sequences from patients with surgery. 
Sequences from patients who underwent a surgery before infection 
were aligned and used for construction of a dendrogram as described 
previously. The genotype for each patient and the place of surgery 





Fig. 14: A dendrogram of sequences from patients with blood 
transfusion. Sequences from patients who underwent a blood 
transfusion before infection were aligned and used for construction of 
a dendrogram as described previously. The genotype for each 
patient and the place of transfusion are indicated to the right and the 
distances are indicated. (A) Transfusion before infection with type 4. 
(B) Transfusion before infection with type 1. 
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Fig. 15: A dendrogram of sequences from patients with both 
blood transfusion and surgery. Sequences from patients who 
underwent both a blood transfusion and surgery before infection were 
aligned and used for construction of a dendrogram as described 
previously. The genotype for each patient and the place of 
transfusion (to the right) and surgery (in the middle) are indicated and 
the distances are indicated. 
Summary of the main risk factors evaluated in the study: 
Traveling, surgery and blood transfusion are the main roots of HCV 
transmission in Gaza strip but are not the only ones (Fig 16). Other roots of 
transmission must be present as 14 patients (15.2%) were not included in any of 
these categories. A combination of two or more of these factors will increase the 
risk. For example, local surgeries contribute only to 7.6%, while if conducted 
abroad the risk doubles (18.5%). The same is also true for blood transfusion who 















Traveling  and surgery
Traveling  and blood transfusion
Surgery and blood transfusion
Traveling, surgery and blood transfusion
Others
 
Fig. 16: Summary of risk factors associated with HCV 
transmission in Gaza Strip 
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DISCUSSION 
Hepatitis C is caused by a small RNA virus that belongs to the family 
flaviviridae and is the sole member of the genus hepacivirus. First identified in 
1989, the HCV has a single-stranded 9646-bp RNA genome that encodes a 
single, large polyprotein. The HCV polyprotein is cleaved post-translationally into 
multiple structural and non-structural peptides. HCV is efficiently transmitted by 
direct precutaneous exposure to infectious blood, sexual transmission, 
intravenous drug use, needle stick accidents, and blood transfusions before 
hepatitis C screening (2, 31). 
Over 170 million people around the world are infected with hepatitis C and 
are at risk of developing cirrhosis and liver cancer (5, 21). Currently, HCV is one 
of the main causes of liver-related morbidity and mortality, being responsible for 
an estimated 8,000 to 10,000 deaths annually in the world (4). According to the 
Palestinian ministry of health, the prevalence of HCV among blood donors in 
Palestine was estimated to be 0.3% in 2003 and 0.2% in 2004 (20). However, 
this estimation was based on a defined group of the Palestinian people which is 
the blood donors. These usually constitute the healthiest group of people who 
are mostly males in the midlife age. Moreover, these figures are also based on 
screening techniques that involve the detection of Anti-HCV antibodies by the 
ELISA method. As mentioned earlier false-positive results may be given after the 
infection has resolved as the antibody titer remains high, and in individuals with 
hypergammaglobulinemia, as a result of autoimmune hepatitis (69). False 
negative results are also obtained in the first 3-4 months window-period needed 
for the infected person to mount detectable levels of anti-HCV antibodies and in 
immunocompromised patients (70). Thus these figures are likely to be 
underestimated, and HCV prevalence in Palestine might be higher than the 
reported one. This fact is supported by the results of a  cross-sectional study of 
399 health personnel conducted in governmental healthcare settings of the 
southern region of Gaza Strip in 2003 (80). The study showed that: The 
prevalence of anti-HCV was 1.3% among health workers. 
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HCV is known to have a marked genetic heterogeneity that results from 
point mutations, single nucleotide substitutions, deletions or insertions introduced 
to the viral genome during its replication by the viral encoded RdRp (5, 34). At 
least six major HCV genotypes and more than 50 HCV subtypes differ by as 
much as 30% to 50 % in their nucleotide sequences (7, 42). 
The determination of HCV genotypes usually has prognostic and 
therapeutic values. There is increasing evidence that patients infected with 
different HCV genotypes may have different clinical profiles, severity of liver 
disease, and response to anti-HCV therapy (27). Moreover, HCV genotyping may 
shed light on its evolution, source of outbreaks, and risk factors. It may be used 
to identify the source of infection in cases of patient-to-patient transmission and 
is also useful in the study of other modes such as vertical (mother to baby), 
sexual transmission and needle stick injury (28, 29). 
Currently, there is almost no available data about the most prevalent HCV 
genotypes in the Palestinian territories. Moreover, genotyping of the HCV is not 
requested by Palestinian physicians as a part of the disease assessment 
protocol or therapy regiments of HCV patients in the Palestinian territories. 
Therefore this study concentrates on the identification of the most common HCV 
genotypes and subtypes in Gaza strip in order to shed some light on the potential 
significance of this issue. In addition, some other aspects of HCV, like its mode 
and origin of transmission in Gaza strip have been evaluated by analyzing the 
data obtained for HCV genotype and the patient personal information collected 
by a questionnaire. The study also analyzes some risk factors for acquiring HCV 
in Gaza strip such as, travelling, blood transfusion and surgery in endemic areas. 
The accumulation of nucleotide substitutions in the HCV genome has 
resulted in its diversification and the evolution of different HCV genotypes (27). 
Although a variety of methods have been used for HCV genotyping, sequencing 
of an informative region of its genome remains the golden standard. This method 
usually depends on the detection of certain nucleotide differences between the 
different genotypes in the 5’UTR region. The nucleotide differences that are 
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characteristic of a certain genotype have to be maintained by all members of that 
genotype and not easily changed each time the virus replicates. 
As previously mentioned, the 5'UTR is highly conserved, and therefore is 
very suitable for both RT-PCR detection and genotyping of HCV. Regarding the 
RT-PCR diagnosis we usually need a primer binding site that is universal to all 
genotypes so that the test can't miss any one. Such locations can only be found 
within the 5'UTR region of the 9646-bp HCV genome. The highly conserved 
5'UTR region is also ideal for determining the HCV genotypes because the 
characteristic nucleotides of each genotype are rarely changed by random 
chance in this region due to its conservation. 
However, the 5'UTR is not usually good enough in reflecting the 
relatedness of HCV isolates and lineages that evolve within the same genotype. 
This is also due to its high conservation. Therefore, scientists usually compare 
sequences from highly variable regions of the viral genome (like E1 and E2) or 
they may use the whole genome sequence for this purpose. 
Unfortunately sequences from these variable regions of the genome of the 
HCV viruses studied in this work were not available. Moreover, if we wish to 
determine such sequences, we would need a dedicated another PCR and 
sequencing procedure for the hypervariable region, which was not possible. 
Therefore, we used the available sequences from this study (from 5'UTR) to 
roughly estimate the relatedness of the different sequences to each other by 
sequence comparison and dendrograms. Not surprisingly we found a great level 
of homology between the compared sequences, and the only differences were so 
few and confined to certain locations of the 5’UTR (fig. 12). Moreover, as will be 
discussed later, sequences from this region were enough to reflect the general 
clustering pattern of the sequences studied to a certain degree. 
The results of this study indicate that there are only two major genotypes of 
HCV in Gaza Strip: Genotype 1 and its subtypes 1a and 1b, and genotype 4 and 
its subtypes 4a and 4c/d (Table 5). Mixed infection with the two genotypes were 
also seen and included a combination of genotypes 1 and 4 or 1 and 4c/d. HCV 
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genotype 4 and its subtypes are the predominant genotypes in Gaza strip (64.1% 
of the cases). 
Genotypes 1 and 4 were previously reported to be more pathogenic and 
considered more difficult to treat. For example the rate of progression to 
chronicity after acute exposure to HCV was significantly higher in patients 
exposed to HCV genotypes 1b and 4 infections than in patients exposed to other 
genotypes (3, 47). Furthermore, higher incidence of HCV genotype 1b was 
detected in patients with HCV-associated hepatocellular carcinoma and 
decompensates liver disease, requiring liver transplantation, than among those 
with chronic active HCV (46, 47and 48). Also HCV genotype 4 patients have a 
worse prognosis compared to other HCV genotypes after liver transplantation 
(14). Moreover patients infected with type 1 and 4 had a higher viral load than 
patients infected with other genotypes (46). 
Research has shown that patients with genotype 1 and 4 show lower SVR 
than patients with other genotypes (46, 48 and 60). Genotype 1 and 4 infections 
require therapy for 48 weeks, whereas shorter treatment is feasible in genotype 2 
and 3 infections (8, 64). 
The two major HCV genotypes (1 and 4) were found to be significantly 
distributed among patients from the south and north of Gaza strip (P-value = 
0.01). Genotype 4 and its subtypes are concentrated in the south of Gaza strip 
(71.2%), while genotype 1 is slightly more represented in the north (57.7%) than 
in the south (42.3%) of Gaza strip (Table 7). 
It is well documented that genotype 4 and its subtypes especially 4a are the 
predominant genotype in Egypt, the southern border of Gaza strip and the Gaza 
only gateway to other parts of the world. Many Gaza residents, especially from 
the south, have historical relationships with the Egyptian people. Moreover, 
members of many families were divided between Gaza and Egypt, but keeping 
strong social links with frequent visits from both sides. On the other hand, Israel 
with the most predominant genotype 1 and its subtypes borders Gaza strip from 
the north giving the northern Gaza residents more chance to work in Israel. 
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Moreover, the Egyptians ruled Gaza strip in the period between 1948 and 1967 
and Israel occupied Gaza at 1967 and controlled the Palestinian lives until the 
establishment of the Palestinian National Authority. Based on the upper 
mentioned information, the genotypes distribution in the south and north of Gaza 
and each of Egypt and Israel may be correlated. This assumption may raise 
clues about the rout of HCV introduction to Gaza strip. 
As we previously mention, traveling abroad is associated with increased 
risk of HCV infection in Gaza strip. The risk is expected to be more modifiable 
when traveling is to endemic areas of the world (81). Our results of the study 
show that patients who have traveled to a foreign country (62.0%) are almost 
twice those who haven’t (38.0%) (Table 8). The majority of the patients with a 
traveling history (68.4%) traveled before they were infected (Table 9). Only one 
patient (1.8%) reported that he traveled after he was infected, and 17 patients 
(29.8%) don’t know if they traveled before or after the infection (table 9). 
It is likely that traveling has contributed more to genotype 4 and its subtypes 
(62.7% "Yes" compared to 37.3% "No") and to the mixed genotypes (85.7% "yes" 
compared to 14.3% "No"), than to genotype 1 and its subtypes (53.8 %" yes" 
compared to 46.2% "No"). 
If we only conceder patients with a traveling history, we find that 78.9% of 
them have traveled to Egypt, which shows one of the highest HCV prevalence in 
the world (13, 14). The majority of the patients who traveled to Egypt (77.8%) 
have genotype 4 and its subtypes, while only 16.7% of the patients who traveled 
to other countries are infected with this genotype (Table 10). If we put it another 
way, we can say that the great majority (94.6%) of patients with genotype 4 
infections and a traveling history, have traveled to Egypt (Table 10). The 
relationship between the genotypes distribution and the traveling destination is 
statistically significant (P-value = 0.005).  
Surgery is another risk factor for nosocomial HCV transmission in a health 
care sitting (41), a factor that was also evaluated in this study. The results show 
that almost half of the patients participating in the study (48.9%) had a surgical 
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operation, of which 84.8% had their surgery before the infection with HCV (table 
14 and 15). Furthermore, a significant relation between the place of surgery and 
HCV genotypes was observed (P value = 0.001). For example, 94.4% of the 
patients who had their surgeries in Egypt have genotype 4 and its subtypes, the 
major subtype in Egypt (Table 16). This suggests that those patients might have 
got infected during the surgery. On the other hand, slightly more patients with 
genotype 1 and its subtypes (50%) than genotype 4 and its subtypes (41.7%) 
had their surgeries in Gaza, and 66.7% of those who had their operations in 
other places have mixed infections (Table 16). 
The suggested possible transmission of HCV as a result of surgery may be 
supported by the fact that sequence from patients with a surgery in a given area 
(like Egypt) are usually more related (they cluster together within the same leaf of 
dendrogram) (Fig. 13).  
During blood transfusion, there is a higher risk to get HCV, especially when 
laboratory screening techniques are absent or fail to detect HCV infection in a 
fraction of blood donations. This makes HCV responsible for about 90%-95% of 
transfusion-associated hepatitis cases (2, 31). 
The results show that all of the patients with a history of a blood transfusion 
(43.5%) got their blood transfusion before being infected with HCV (Table 11). 
Table 11 shows that blood transfusion gives a higher chance for infection with 
mixed genotypes than with either type 1 or type 4 alone. Five out of 7 patients 
with mixed genotypes (71.4%) have a history of blood transfusion. 
A significant relation could be established between HCV genotypes and the 
place of transfusion (P-value = 0.026). This relation is obvious in the case of 
Egypt transfusions, as 13 out of 14 patients (92.9%) who had a transfusion in 
Egypt are infected by the genotype 4 and its subtypes, the dominant genotypes 
in Egypt. No preference however could be seen between genotypes 1 (40%) or 4 
(44%) for patients who had a transfusion in Gaza Strip.  
Double infection is present in 5 of 40 patients (12.5%) who had received 
blood. Those patients may be exposed to repeated blood transfusion or infected 
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by another rout of HCV transmission. Like in surgery, these data may be 
supported by sequence comparison and dendrograms (Figure 14A, and 14B). 
By referring to (Fig. 12) it can be seen that one patient who had surgery in 
Egypt was infected by genotype 1a, the rare genotype in Egypt. This may be 
explained by the fact that this patient had a blood transfusion in Gaza from which 
he might have gotten his infection (Fig. 15). Based on sequence relatedness, it 
can be postulated that patients who had a blood transfusion and underwent a 
surgery in a given country got the genotype that is most common in that country 
(Fig. 15). This establishes a strong link between undergoing a blood transfusion 
and a surgery in Egypt for example and getting genotype 4 HCV infections. This 
correlation is not accidental and patients got the HCV infection as consequence 
to the surgery or transfusion. 
ALT is a liver enzyme that is more specific for liver damage than other 
enzymes (72). A significant relation could be established between the number of 
patients with ALT values above or below 40 IU/ml and the genotype of the patient 
(P-value= 0.003). For example, 73.1% of the patients infected with genotype 1 
and its subtypes (19 out 26) have ALT values above 40 IU/ml (the normal upper 
limit). On the other hand 66% of the genotype 4 patients (39 out 59), and 71.4% 
of the mixed genotypes patients (5 out of 7) have ALT values lower than 40 
IU/ml. Moreover, if we compare the mean of the ALT values from genotype 1 
patients and genotype 4 patients we find that patients infected with genotype 1 
and its subtypes have significantly higher ALT values than those with genotype 4 
and its subtypes (P-value= 0.04) (Fig.11 ). 
These results suggest that patients infected with genotype 1 are more 
susceptible to liver complications than those infected with genotype 4. These 
results are in consistence with published data that correlate higher incidence of 
HCV genotype 1b with HCV-associated hepatocellular carcinoma, decompensate 
liver disease and the need for liver transplantation (46, 47and 48). These data 
should be considered when evaluating the patient for therapy, and thus imply that 
genotyping should be part of HCV diagnostic protocol. 
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There is no statistically significant relationship between the occurrence of a 
certain genotypes and age, education level and date of infection. Moreover, most 
of the patients didn't know when they got the infection. This may be explained by 
the fact that only about 20%-30% of the newly infected persons show symptoms 
of acute hepatitis, while chronic infections, mostly asymptomatic, develop in 
75%-85% of adult infected persons and in 50%-60% of juveniles (4). 
As previously mentioned, hemodialysis patients are at high risk of 
nosocomial HCV transition, and being repeatedly exposed to this risk increases 
the chance for infection with multiple HCV genotypes. The results of the study 
don't show statistically significant relationship between HCV genotypes and 
dialysis. The presence of double genotype infection was reported only in 2 
patients indicating a possible nosocomial transmission of HCV during dialysis. 
Traveling, surgery and blood transfusion are the main roots of HCV 
transmission in Gaza strip but are not the only ones (Fig 16). Other roots of 
transmission must be present as 14 patients (15.2%) were not included in any of 




From this study, we conclude that genotype 1 and 4 and their subtypes are 
the major common HCV genotypes in Gaza strip, and Genotype 4 and its 
subtypes especially 4a are the predominant ones. 
The results must be considered in tailoring treatment schedules and 
monitoring of antiviral treatment in accordance with genotypes 1 and 4 suitable 
regiments.  Genotyping newly discovered infections must be performed as a part 
of the diagnostic protocol as patients with genotype 1 may show increased risk 
for liver damage than genotype 4.  
Travelling, surgery and blood transfusion in an endemic HCV area are the 
major roots of HCV transmission in Gaza strip although other roots exist that 
were or were not evaluated in this study. 
Egypt is probably the major source of Genotype 4 HCV infection in Gaza 
Strip via one or more of the upper mentioned roots and thus southern Gaza 
residents have more chance for getting HCV genotype 4 and its subtype than in 
the northern residents. 
Mixed infections are more likely to be caught by old patients, patients 
travelling abroad and/or having blood transfusion.  
The results showed that genotype 1 infections are more serious than 
genotype 4 infections with higher ALT levels.  
The education level, infection date and hemodialysis don’t affect the HCV 
genotype and its subtype infection. 
Finally we can conclude that, the results will contribute to the identification 
of sources of outbreaks, risk factors and control strategy. The results will also 
help to tailor treatment schedules and monitoring effect of antiviral treatment. 
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RECOMMENDATIONS 
Based on the results of the study we highly urge the decision makers in the 
Palestinian ministry of health and other health service providers to adopt the 
following recommendations: 
1. Introducing HCV genotyping service as a part of the diagnostic and 
prognostic protocol for treatment of HCV infected patients in 
Palestine. 
2. Conducting qualitative PCR or other sensitive tests for screening of 
HCV before traveling, surgery or blood transfusion in a foreign 
country to avoid any controversy regarding the transmission of HCV 
to patients seeking cure at these countries. 
3. Adopting more sensitive HCV screening techniques, such as 
qualitative PCR, for routine screening of blood units in the different 
blood banks in Palestine to avoid transfusion-associated 
transmission of the virus. 
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